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Evidence for porphyrins was obtained in Apollo 
11 and 12 lunar fines samples. The pigments. 
from samples collected hear the lunar lander 
were probably due to contamination by rocket
 
exhaust products. A porphyrin-like pigment
 
5
(5 5 x 10- ig/g) was also found in an-Apollo
 
12 sample, which bad been collected at a
 
point well removed from the lunar landing site.
 
SEARCH FOR PORPHYRINS IN LUNAR FINES FROM APOLLO 11 AND 12 




Lunar fines from Apollo 11 and 12 samples contain porphyrin­
like pigments as indicated by fluorescence spectrometry and analytical
 
demetalation. The pigments from close in samples of Apollo 11 and 12
 
were probably products of rocket combustion which were introduced
 
during landing of the lunar module. Porphyrin-like pigments were also
 
found in a sample of lunar soil collected on the Apollo 12 mission at
 
a sampling point well removed from the lunar landing site. Fluorescent
 
demetallation analysis indicated that the pigments were present as
 




The Oparin-Haldane hypothesis postulates that organic molecules
 
were synthesized by the action of various forms of'energy on
 
primeval atmospheres.- An orderly process of chemical evolution
 
led to the living organism of today. The lunar samples provide
 
us with an opportunity of examining this postulate in the case
 
of samples outside the earth.
 
Under NASA grant NAS9-9439 we have tried to establish answers
 
to the following questions:
 








The prior art, scope, experimental techniques used and the significance
 




SEARCH FOR PO1RPHYRINS IN LUNAR FINES FROM APOLLO 11 AND 12 
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B. Ialpern and C. W. Hodgsoa 
ABSTRACT
 
Evidence for porphyrins was obtained in Apollo 
11 and 12 lunar fines samples. The pigments. 
from samples tollected hear the lunar lander 
were probably due to-contamihation by rocket
 
exhaust products. A porphyrin-like pigment 
x 10-5
(q; -- vg/g) was also found in an.Apollo 
"12 sample, which had been collected at a 
point well removed from the lunar landing site. 
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Search for Porphyrins in Lunar Dust 
Abstract. Evidence for porphy; ins was obtained in the Apollo 11 bulk sample 
of lunar dist by fluorescence spectrometry and analytical denretallation. The 
indicated porphyrins showed major fluorescence excitation at 390 nanometers. 
-Abundance was about 10 0 grant of porphyrin per grain of dust. Similar pig-
nients were found in exhaust products froim tests of a lunar descent engine. The 
similarity of results suggests that most if not all of the indicated porphyrin aggre-
gate of the lunar sample probably was synthesized front rocket fuel during "the 
landing of the lunar, module. These compounds may be the product of a irovel 
high-temperaturesynthesis of cosmochenzical interest, 
The present study was undertaken to 
determine whether porphyrins, tetrapyr-
role organic pigments, were present in 
the Apollo 11 bulk sample and whether 
their presence in the sample was indica-
tive of a biological origin (1). The re-
sults of the analyses show that pigments 
with spectral and chemical characteris-
tics resembling porphyrins are present 
in the lunar bulk fines, but it appears 
that the compounds may have been 
introduced by the lunar descent rocket 
engine fueled with unsymmetrical di-
methylhydrazine. Thus, while the analy-
ses reported here evidently failed to 
reveal porphyrins which were unequivo-
cally indigenous, the findings suggest 
that the poiphyrins can perhaps be 
synthesized through a novel reaction 
involving simple compounds containing 
carbon, nitrogen, hydrogen, and oxygen. 
The pigments have also been detected 
in experiments simulating primitive 
(prebiotic) planetary conditions (2), 
and similar compounds evidently exist 
extraterrestrially, because porphyrins 
have been detected in a number of sam-
ples of carbonaceous chondrites (see 3).The analyses retorted here are part 
of a comprehensive analytical program 
established by the Chemical Evolution 
Branch of the NASA Ames Research 
Center for the examination of all 
organic matter in the returned lunar 
samples (4). The group arranged to 
pool samples of lunar dust received by 
the principal investigators involved in 
the program. The particular gample dis-
cussed here was designated "10,086 
bulk A fines" by the Lunar Receiving 
Laboratory. 
Prior to receipt of the lunar samples, 
a simulation experiment was carried out 
on a sample of the Pueblito de Allende 
meteorite, Although analyses on a num-
ber of specimens of this meteorite 
showed porphyrins to be present in very
small amounts (5), no porphyrins were 
detected in the particular sample used 
in the control run, and the results were 
substantially the same for a blank of 
Ottawa sand which had been fired at 
I0000 C for 48 hours. 
The overall analytical procedure for 
the lunar sample is described by Pon-
namperurna et al. (4). The lunar dust 
(54.6 g) was extracted directly with 
benzene-methanol (9:1), and 23 per-
cent of the extract was made available 
for porphyrin analysis. 
On concentration of the solution to 
a volume of 1 ml, weak emission bands 
at 600 and 630 nmu for excitation at 
400 and 425 nm (Turner 210 spectro-
fluorometer) appeared. Clear-cut excita-
tion peaks for emission at 600 run were 
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Fig. 1. Fluorescence excitation spectra for 

extracts of (i) lunar dust from the bulk 

sample, (ii) dunite exposed to the exhaust 

of a rocket engine fired at NASA White
Sands Test Facility, (iii) crushed Pueblitodo Allende carbonaceous chondrite, and 
(iv) Ottawa sand ignited at 1000'C for 
48 hours. Instrument operating parameters 
were set for highest sensitivity in all cases 
except that of the rocket exhaust, in whichfluorescence was suppressed by a factor 
of 20. 
being much more intense. Correspond. 
ing readings for the blank of Ottaa 
sand sholwed only a low backgtound and 
.no discernible peaks. Absorption spe,­
trometry (Cary 14, 0 to 0.1 optical 
density) showed no distinct spectral 
features, only a gently rising back­
ground with decreasing wavelength. The 
solution was examined in an improved 
magnetic circular dichrometer with a 
superconducting magnet of 50,000 
gauss; the data were evaluated by com­
puter. Detection limits for the system 
were estimated to be 7 ng/mil for recon­
ration of porphyrin compounds in 
metal-complexed form. Magnetic cir­
cular dichroisrm spectra of the concen­
trated extract solution, however, did­
not show the presence of rnetallopor­
phyrins above detection limits. 
Free-base porphyrins fluoresce freely, 
but most metal complexes fluoresce only 
faintly. Thus, controlled denetallation is 
useful for the detection of traces of 
porphyrin metal complexes (6). The 
extract solution was divided into two 
portions, one four times the volume 
of the other. Each was reduced to dry­
ness in a spectrofluorometer cell and 
taken up in I ml of diethyl ether. The 
smaller sample showed a faint excita­
tion band at 410 nm for emission 
measured at 660 nm upon addition of 
2 percent of the deeitallating reagent, 
methanesulfonic acid (MSA). The in­
tensity of the band increased at 7 per­
cent MSA, and at 19 percent MSA the 
band was replaced by an excitation peak 
at 388 nm, which became more intense 
on further addition of MSA. 
Recovery of the presumed free-base 
porphyrins was accomplished by 
neutralizing the solution with sodium 
acetate and extracting with ether. The 
ether layer showed faint excitation 
bands at 385 and 450 im. Transfer 
to 6N HC1 also showed a weak peak 
at 390 nm for emission measured at 
600 urn, and this peak was interpreted 
tentatively as a Soret band of porphyrin 
pigments. To extend the identification of 
the apparent porphyrin, it was com­
plexed with copper to quench its fuores­
cence. This was done by transferring 
the porphyrin to glacial acetic acid and 
adding cupric sulfate. The excitation 
band disappeared after a few minutes 
at room temperature, in accordance 
with the behavior of authentic porphy-
Tins. 
The same' analysis was repeated on 
the other portion of the lunar extract, 
which corresponded to 10 g of lunar 
dust. Essentially the same results were 
obtained, with the emergence of a band handling proceduics were checked for evidence for metal complexes with a 
at 390 nm for emission at 600 mn on possible contaminants. 412-nm excitation band appearing at 
.Ahe addition of 20 percent MSA. After A similar demetallation analysis was 4 percent MSA. This spectral feature 
demetallation, the fluorescence of the carried out on the benzene eluate from persisted to a concentration of 23 per­
pigments in ether was still weak, but silica-gel chromatography of the major. cent vfSA; at higher concentrations of 
definite emission could be detected at portion of the beozene-methanol ex- MSA a much stronger band emerged 
630 nm for excitation features at 390 tract of the lunar dust. The hexane at 385 nrm and shifted gradually to 392 
and 415 an]. Extraction with 6N HCI and methanol eluates were not available am. Attempts to recover free-base 
produced an aqueous layer with emis- for porphyrin analysis. The benzene porphyrins from the foregoing aqueous 
sion peaks at 600, 628, and 685 am. eluate left after the completion of other acid layers were unsuccessful, however. 
A strong excitation peak was observed tests appeared to show the presence of Material from trap E gave similar 
at 390 rm, and it appeared to be ac- a small amount of porphyrin pigments. results. Extraction of the sample was 
companied by a much weaker peak at - Samples of rocket exhaust were made carried out in the same manner as that 
550 nm. The "porphyrins" were trans- available from the test firing reported for the lunar sample. A broad excita­
ferred back to ether and reextracted by Simoneit et al.(7). These comprised tion band was evident at 450 am, as 
with HCI of increasing concentration, samples from trap A, a trap for the in the case of trap A material, but on 
The acid strength necessary to transfer exhaust gases cooled to liquid-nitrogen an intense background. Addition of 
the pigments from the organic layer was temperatures, and trap E,one contain- MSA gave typical demetallation iesults 
4N HCI; from this we tentatively con- ing dunite. Material from trap A " for metalloporphyrins. At a concentra­
eluded that few polar substituents were showed an intense fluorescence back- tion of 25 percent MSA a strong peak 
present to promote the solubility of the ground on which a broad excitation emerged; it increased in intensity with 
pigment in the aqueous phase. Forma- band (in methanol and ether) appeared increasing acid content up to 50 per­
don of the copper complex resulted in at 450 nm for emission in the range cent MSA. Final location of the band 
.e complete suppression of fluores- 600 to 700 am. In ECI, the exhaust was at 387 am, and the corresponding 
cence. On the assumption that the pig- products turned a bright yellow, and emission peak was at 595 nm. Magnetic 
meat was porphyrin, the amount pres- an excitation band at 390 nm for emis- circular dichroism analysis of material 
ent was estimated to be f rag, for a sion at 610 nm was cleatly present. extracted from trap E showed a large 
concentration of 10-10 g of porphyrin Absorption spectrometry showed only number of compounds, but none could 
per gram of lunar dust. the yellow color. While the foregoing be definitely identified as porphyrins. 
The sand blank was examined in the results suggested porphyrins in the free- • To confirm and extend the previous 
same manner, and it showed no indica- base state, MSA demetallation of the results and to demonstrate adequate 
tion of porphyrins above background, total exhaust material-that is, without 
In addition, reagents, glassware, and any chemical fractionation-showed 
390 
Lunar dust 
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33%heiSARocket exhaust 
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Fig. 2. Demrciallatin analysis of extracts showing emergence of excitation peaks in the FiPg. 3. Fluorescence excitation spectra in 
region of the Sorer band of porpbyrins with increasing.ie-t of methanesulfoni acid Soret region for pigments recoveredfrom
 
(MSA). Operating parameters of the instrument were the same in all cases; portions MSA demetallatin analysis. Operating 
taken for the analyses of lunar dust and rocket exhaust were, respectively, 75 and 11 parameters for spectrofluorometer were -he 
percent of the total extracts. same in all cases. Solvent, 6N I-Cl. 
control over laboratory proceduies, an 
additional set of samples was analyzed. 
Approximately 10 g each of the same 
lunar dust, trap E dunite, Pueblito de 
Allende meteorite, and Ottawa sand 
were extracted with a solution of ben-
zene-methanol (9:1). The extracts were 
identified by a code unknown to the 
analysts (G.W.H. and E.P.), and corn-
plete analyses were carried out. Figure 
I shows fluorescence excitation curves 
for the extracts. Demetallation caused 
by the addition of MSA is illustrated 
in Fig. 2, and Fig. 3 shows the results 
of procedures for the recovery of free-
base porphyrins. The results from the 
lunar and exhaust samples confirmed
the earlier analyses, and what appear 
to be free-base porphyrins were re-
covered from the products of MSA 
demetallation of both the lunar dust 
and the rocket exhaust. Results for ex-
tracts from both the sand and meteorite 
were negative. 
Organic matter is undoubtedly syn-
thesized extraterrestrally, as indicatedfor example by the carbonaceous matter 
of chondrites and the generally ac-
cepted graphitic interstellar dust (8). 
Simple compounds containing nitrogen,
and oxygen are r-
carbon, hydrogen, 
ported in interstellar dust clouds (9) 
and in stellar atmospheres (10). Recent 
theories (11) postulate that much of 
interstellar space is occupied by ther-
meally stable gas phases at 10 OK, 
which suggests that high-temperature 
synthesis of organic matter including

porphyrins throughout space is within 
reason. 	
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ract-Lunar fines contain norphyrin-like pigments as indicated by fluorescence spectrometry and 
i lical demetallation. Major fluorescence excitation at 390nm was obtained for 600-690nm 
-

"' -_sion. The abundance of porphyrin-like material was estimated to be about 10 -igig. Similar 
pigments vcrc found in exhaust products from a lunar descent engine. Although the infall of meteor­
itiedust to the lunar surface is appreciable and may be expected to contain considerable carbon and 
associated organic compounds including porphyrins, the data suggest that most if not all of the 
content of porphyrin-like pigments of the lunar samples was probably introduced during landing of 
the. lunar module. If the pigments in the lunar fines nre indeed the product of rocket combustion, 
a novel synthesis has taken place. Analogous types of syntheses perhaps occur in the cosmos where 
simple compounds of carbon, hydrogen and nitrogen interact at high temperatures. 
INTRODUCTION 
PORVPIYRINS in meteorites were once regarded as a strong criterion for the existence 
of extraterrestrial life (BERNAL, 1961), but more recent work has shown that such 
pigment's can arise in experiments simulating prebiotic planetary conditions (HoDGsoN 
and PONNAMPERUMA, 1968), and the existerice of prophyrins in extraterrestrial samples 
now has a much broader implication. The appearance of simple organic compounds 
in interstellar space (SNYDER et at., 1969; CIIEUNG et al., 1969), the condensation of 
graphite from cool stari (DONN a/ al., 1968) and evidence for molecular absorption of 
organic compounds in'interstellar space (JOHSoN, 1967) suggest that astrochemical 
synthesis of organic matter of considerable complexity is within reason. The current 
study based on analysis of lunar fines produced evidence that prophyrin-like pigments 
were present. These pigments may have been synthesized from unsymmetrical di­
metliylhydrazine at the temperature4 of rocket engines-2000 to 3000'C. Analogous 
types of syntheses may occur naturally in stellar atmospheres and interstellar space. 
-This report presents a part of the results obtained by a group of investigators 
Stblishld as the- NASA Ames Research Center Consortium to analyse the lunar 
Wpie labelled "'10086-3 Bulk A fines". Results on the search for porphyrins by the 
Consortium were recently published in abbreviated form (1-loDosoN ei al., 1970), and 
the object of this report is to provide nmore details of the data and to discuss more fully 
the implications of the findings. Related analyses for porphyrins in lunar dust were 
1829 
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Fig. 1. Left, partial fow sheet for detection of porphyrins in three portions of overall 
extract obtained for comprehensive organic analysis of lunar sample; right, flow sheet 
for confirmatory analysis of porphyrins in second sample of lunar fines. 
carried out by RHO e al. (1970) who used a sequential extraction procedure and gross 
demetallation by methanesulfonic acid, but no porphyrins were observed. 
ANALYTICAL SCHEME 
Porphyrins were sought in lunar fincs by absorption spectrometry, magnetic circular dichroism 
(MCD) and fluorescence spectrometry. In addition to passive observations of such spectra, several 
chemical and physical transformations were carried out on extracts of lunar fines to test the identifica­
tion of lunar pigments as porphyrins. The analytical approach was briieflyoutlined by PoNNAMPERUtMA 
e aL (1970), and in Part I of this series (KVENVOLDEN e l., 1970). 
A flow sheet relating the analyses for porphyrins to the overall analytical scheme is given in Fig. 1. 
In the course of examining the lunar samples for porphyrins, five specific portions of lunar extracts 
were examined as outlined in Table 1. In addition to these, numerous blank runs were made on sol­
vents, reagents and glassware; parallel analyses were done on two sand blanks and on a sample of 
Table 1. Dlescription or extracts analysed 
Equivalent Sample
Item Extraction Portion for porphyrin analysis lunar fines (g) designation 
I Ift5 aliquot of 23% ofeiract 2.5 2-5 
2 First: 54-6 g 4/5 aliquot of 23 % ofextract 100 . 10.0G 
3) 12 of benzene cluate or 77% of extract 210 21 GBE 
5 Second: 1o-1 g 3/4 aliquot of total extract 7-5 7-5 G I1/4 aliquot of total extract 2.6 26 G 
Carbon compounds in lunar fines from Marc Tranquillitatis-1[ 1831 
the Pueblito de Allendc carbonaceous chondrite. Similar analyses were perforned on substances 
pertaining to the landing of the lunar module: unsymmetrical dimethylhydrazine, and rocket 
exhaust products collected in tiaps A and E desctibed by.SAONLIt C al. (1969). With the exception 
of sonic of the control analyses and the MCD nmeasuiements, all of the work was done in a "clean" 
laboratory which was established specifically for analyses of lunar samples. 
Absorption and fluorescence spectiometry have been extensively used in previous studies of 
porphyrins in numerous terrestrial and extraterrestrial samples (HDDGSON c at., 1968; KVENVOLDEN 
and HODGSON, 1969; HODGSON and BAKER, 1969). The fluorescence technique has been especially 
useful in detecting nanogram concentrations of porphyrins in geochemical substances (HODoSON 
;ralt., 1969). The technique involves incremental demetallation of the extracted porphyrin complexes 
with methanesulfonic acid and the measurement of excitation and emission spectra at each demetal­
lating step. The use of magnetic circular dichroism is novel in its application to the identification of 
porphyrins. This type of spectrometry was applied to lunar extracts in the hope that confirmation 
could be obtained for the presence of the porphyrin structure suggested from the fluorescence spectra. 
lecause of this novel application of MCD it will be described in some detail. 
Absorptionspectrometry 
Absorption spectra were obtained directly on lunar extracts using a Cary 14 spectrophotometer 
with semi-micro cells and a 0-0 I optical density slidewire. 
,elc circular dchroism 
agnetic circular dichroism is a sensitive nondestructive spectroscopic method for the detection 
0etalloporphyrins, which show three prominent absorption bands in the 350-700 nm region. The 
positions of these three bands depends on the metal and on the ring substituents. Adopting the 
nomenclature of PLAT (1956). the transition of lowest energy, at about 570 nm, is designated Q0-. ; 
the transition at about 535 nm is a vibrational overtone of the 0-0 band; and the much more intense 
transition around 400 nfl is designated B. The analytically important features in the MCD spectra 
of metalloporphyrins are the shapes of the MCD bands associated with the Q., and B transitions. 
*.'The effective symmetry of metalloporphyrins is D~h and all bands are degenerate. In a magnetic. 
field the degeneracy is lifted, and one obseives the S-shaped MCD bands characteristic of A terms 
(BUCKINGHAM and STEPHENS, 1966). Previous studies (STEPHENS ct al.,1966) as well as the reference 
*spectra collected for this project (HoDGSON and BUNNENERGO, unpublished) show that the magnitudes 
of the A terms of the B and Q., bands are comparable even though the absorption coefficients of 
these bands differ by an order of magnitude. As a representative example, the MCD curve for 
Mg(Il) deuteroporphyrin IX dimethyl ester is shown in Fig. 2. Sone naetalloporphyrins [e.g. Cu(ll) 
porphine, however, exhibit considerably more intense A terms in the B band than in the Q band. 
The utility of MCD for detecting small amounts of metalloporphyrins derives from: (I) the intensity
of the two prominent MCD bands, (2) their characteristic S-shape, and (3) the observation of two 
such bands in particular regions of the spectrum. It should be noted that MCD could also be used 
for the detection of metal-free porphyrins. However, since the MCD bands are much weaker a 
considerably larger sample would be required. 
MCD data were displayed directly in analog form, and in addition were processed by computer 
in order to gain increased sensitivity. The nlost secure and conservative sampling mode was used for 
the lunar sample measurements. The visible portion (335-650 nm) of the spectrum was scanned. 
The raw data obtained from the lunar sample and the sand blank measurements were corrected for 
the reference blank (cell plus solvent). The resulting curves were smoothed and are presented in 
Fig. 3. Measurements were made on a specially constructed MCD instrument (to be described 
elsewhere) at ambient temperature in amagnetic field of 49,500 G. The light-path length of the cells 
was 1 cm. 
qoflatorometryand denetallation 
pectrroluorometry was done with an unmodified Turner 210 instrument using standard stoppered 
I x I em cells. For demetallation analysis, the procedures previously described were used (Hoocsow 
e. aL,1969). 
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Fig. 2. Magnetic circular dichroism (MCD) and absorption spectra of Mg(II) deutero­
-porphyrin IX dimethyl ester (7 x 10 !M) in benzene. A cell of 1-mm light-path was 
used. The ordinate, [03l,is molar magnetic ellipticity (dog cm2 G-' deimole-'). 
RESULTS
 
Abundance of specific pigmented compounds in extracts of lunar samples was 
so 
low that absorption spectrophotometry failed to reveal any, spectral features in the 
range of porphyrin compounds, i.e. from 350 nit to 700 nm, from which it is concluded 
that porphyrins, if present, were less than 100 ng per sample. For 10 g samples, the 
indicated content was less than 10- Izg/g. While magnetic circular dichroism and 
spectrofluorometry are substantially more sensitive than absorption spectrophotom­
etry, it is clear that any data obtained by the latter methods were not far above their 
limits of detection, and for that reason were not of customary precision nor entirely 
thee of spectral and chemical noise. In the light of this, a certain subjectivity in teating
'he data is to be expected, but the major findings are above such questions, with 
only auxiliary data open to variable interpretation. In some instances, extracts were 
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hig.3.Plot of magnetic circular dichroism data obtained from lunar and blank 
extracts as measured in a magnetic field of 49,500 0. The curves have been corrected 
for the cell plus solvent reference blank. A cell of 1-cm light-path length was used; 
solvent, methanol. 
identified to the analysts only by a code-designation, in an attempt to promote com­
. lete objectivity. 
Absorption spectrophotonieiry 
* 	 No evidence of Soret nor non-Soret bands was obtained. 
Magnetic circular dichroism 
A critical examination of the MCD curve of the lunar extract (in methanol) 
shown in Fig. 3 reveals that: 
1. The A term in the vicinity of 570 nm is definitely not present.­
2. 	The approximately equal spacing between the positive and negative signals in 
the 335-475 nm region strongly suggests that these signals are actually instru­
mental artifacts, notwithstanding their relatively greater intensities as compared 
to the MCD curve of the sand blank. 
On the basis of the criteria established, we conclude that the amount of metallo­
porpbyrins, if any were present in the lunar extract, must have been less than 7 ng. 
-Thus,examination of the total of samples 2-5 G and 100 G before they were divided, 
i.e. the extract corresponding to 125 g of lunar soil, failed to show any spectral re­
sponses that could be attributed to porphyrins and their concentration in the lunar 
sl'was therefore less than 6 x 10-4 zg/g 
l71rescencespectronelry 
t Two extracts of lunar dust corresponding respectively to 12-5- and 10. -g aliquots 
of the lunar fines showed considerable fluorescence, as illustrated in Fig. 4. For 
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emission at 625 nm,excitation scans through the Soret region of the spectrum showed 
a major peak at about 460 nnm, with a distinct peak at about 387 nm and a ihoulder 
at about 482 nm. Similar scans were obtained for other emission wavelengths, 
and in general the practice was adopted of doing multiple excitation "cross scanning" 
through regibns of interest in the emission range, in order to discern more sensitively 
any emission maxima which on direct observation were badly obscured by background 
noise. In this manner, families of excitation curves were obtained from which could 
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Fig. 4. Excitation spectra of lunar extracts. Solvent, methanol. 
Porphyrins do not commonly have Soret absorption above 430 nm, and the excita­
tion features at 460 and 481 nm were not believed to be due to porphyrins. The 
smaller peaks at 387 nm were tentatively regarded as possible Soret excitations of 
porphyrins, either free-base or complexcd with diamagnetic metals. Complexes with 
paramagnetic metals were unlikely, since, if present, their Soret bands would have 
been detected in absorption spectrometry at the levels of fluorescence sensitivity
Iinvolved. 
While information on the chromatographic behavior of the observed pigments 
would have been helpful, paucity of material precluded such an approach. Some 
information, however, was available from the examination of solution 21GBE. 
equivalent to a 21-g sample, which had been chromatographed on silica gel (Part I 
of this series). Sample 2IGBE was the benzene eluate, and it contained some of the 
1835Carbon compounds in lunar fines from Marc Trdnquillitatis-1 
same pigments but in substantially lower quantities, from which it is concluded that the 
pigments of Fig. 4 wouldhave eluted with either n-hexane or methanol. Complexes 
of porphyrins in terrestrial geochemical samples are generally nickel, vanadyl or iron, 
and these compounds clute respectively with n-hexane-benzene (9/1 v/v), benzene 
and methanol (-ODGSON et.al., 1968). 
Analytical demctallation 
"Methanesulfonie acid was added incrementally to the extracted pigments in diethyl 
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Fig. S. Demetallation analysis of lunar extract "2-5 G" showing emergence of very 
weak fluorescence early in the reaction, followed by the major reaction at about 
20% MSA. 
shows data typical of this approach for the lunar samples. For sample 2.5 G, it shows 
a short initial period in which no change in fluorescence is noted, after .which 2% 
methanesulfonic acid (MSA) produced a very small excitation feature at 410 nm 
for emission at 660 nrm. This weak band remained unchanged inintensity until 
*about20 %MSA had been added, at which point it was replaced by a much stronger 
excitation peak emerging at 390 nm. This increased in intensity until 30 %MSA was 
reached, after which it remained nearly constant. Similar behavior was observed for 
the dcmuctallation of authentic porphyrins of terrestrial rocks (-fODGSON et al., 1969) ­
and for porphyrins of carbonaceous chondrites (HODGSON and BAKER, 1969). Of 
particular interest was the observation that the process involved two steps. The 
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other four samples listed in Table I showed similar demetallation patterns with the 
same two-stage increase in fluorescence. Summary data for these samples are given in 
Tdble 2. 
Demetallation at about 25 MSA for the emergence of a Sorer band at 388 nm 
for 660 nm emission is not commonly observed for naturally occurring terrestrial 
complexes of prophyrins. Threshold values are normally highcr,-generally in the range 
above 40y MSA. Soret bands generally appear at longer wavelengths,'commonly at 
410 am. 
Free-base recovery 
The response observed in the course of MSA demetallation analyses was probably 
due to the generation of free-base porphyrins, and an attempt was made to recover 
them for further spectral examination and chemical processing. Partition of the prod-
Table 2. Demetailation of lunar pigments 
Dametallation threshold (%MSA) Soret position (nm)
Sample Initial Major Early Late 
2-5 G 2 19 . 410 388 
1000 3 31 410- 388 
21 GBE 3 25 384 386 
7-5 G 5 26 388 387 
2-6 G - 25 (400) 391 
Note: "Initial" threshold in all instances was very weak, and estimation of the position 
or an emerging Sorer band was difficult to make. 
) uncertain. 
ucts of the MSA treatment betwhen ether and saturated aqueous sodium acetate 
was used for this purpose. 
In the ether layer, excitation attributable to porphyrins was barely discernable. 
Extraction of the ether layer, however, with 6 N HC1 transferred free-base pigments to 
the aqueous layer where fluorescence was clearly detectable. For example, Fig. 6 
shows a family of excitation curves in addition to an emission curve for presumed 
free-base porphyrins recovered from sample 10.0 G. Emission bands were evident at.' 
600, 630 and 680 nm. Three-band emission spectra are not common for ordinary 
terrestrial geochemical porphyrins in acid solution, and it remains to be seen whether 
the observed pigments.represent a single class of compounds or a group of two or more 
with different fluorescent spectra. Terrestrial geochemical porphyrins generally 
show a single intense emission band at about 660 nm in aqueous acid solution. 
* Fluorescence characteristics of free-base pigments . recovered from the four 
other samples are shown in Table 3. These data again are different from those for 
terrestrial geochemical porphyrins in detail, viz. 389 vs. 410 nm for Soret excitation.Irphyrins of carbonaceous chondrites in HCI show a range of positions with a num­
r of samples exciting at 390 nm, closely resembling the pigments of the lunar fines. 
Transfer of the lunar pigments to glacial acetic acid for subsequent comp~exing 
with copper caused a shift of a few nanometers toward longer wavelengths, as shown 
in Table 3. This kind of behavior is not unexpected for free-base porphyrins 
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Fig. 6. Emission spectrumoflunar sample"100 " showing fluoresencecross-plotted 
to confirm relationship between excitation at 390 fn and weak emission bands in the 
red, Solvent, 6 N HCI. 
Table I Fluorescence of free-base perphyrins after 
demeallation 
Solvent 
Sample -Ether 6 N H-CI HOAC 
2-50G 3851660- - 3891660 3951650 
10 00 3901625 3901660 390/630 
-39/021 GEE 388/62-560 916387/690 399/60 
7-5 G 381/625 nlat n/at 
2.6G n/a 388/620 n/a 
-385/660: Excitation maximum at 385 fma for 
emission at 660-am. 
t Pigment apparently destroyed by trace of H28 in 
HCl solution prepared from Ilid gas. 
- - - - -- -
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Cornplexingwith copper 
T6 further demonstrate behavior of the lunar pigments consistent with that of 
authentic porphyrins, the recovered free-base pigments were reacted with. cupric 
acetate in glacial acetic acid to produce non-fluorescing metal complexes. Thus, 
Fig. 7 shows excitation in the Soret region before the reactions, followed by appar.­
ently complete suppression as a result of the complexing reactions. 
Abundance 
On the assumption that the pigments detected in the demetallation analyses were 
porphyrins-the spectral data were not consistent with those for azaporphyrins. 
' SOLUTiOt4 10. G"
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Fig. 7. Fluorescence spectra before (solid lines) and after (dotted lines) eomplexing with 
copper, in glacial acetic acid. . 
(EL~VIDGE, 1956), nor phithalocyaniaes ('MOSER and TniI~tAS, 1963)-twe amount 
present in the larger samples was estimated to be I rig. The smaller samples showed 
smaller amounts, and the genera[ concentration. was therefore indicated-to be 10- 1 
"It-/ intthe lunar ines. 
Rlanks 
(i) Solvents and reagents: diethyl ether was purified by distillation; MSA was 
Lised as received. Considerable variationt was noted, however, ill the qualit~y of the 
MSA as received from the supplier (Eastman g-6320) and occasionally freshly-openedl 
bottle' could not be used because of-the appearance of"strong excitation at 380-390 nut 
in the course of blank runs involving only ether and MSA. In the best blank runs, a 
' Small excitation was always observed, and this could not be prevented by ordinary 
purification 	procedures involving adsorption or distillation. No evidence of spurious 
was noted for blank analyses involving the other reagents: hydrochloricP uorescence 
acid, sodium acetate, cupric acetate and distilled water. 
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(ii) Complete procedural blanks were run in parallel with analyses of lunar extracts. 
For linar samples 2-5 G and 10-0 G a single sand blank was used. It consisted of 
Ottawa sand fired at 1000 C for 48 hr en the atmosphere. Another aliquot of the same 
sand blank solution was used with sample 21GBE. A further sand blank prepared in 
the same manner was used in connection with lunar samples 2'6 and 75G 
Although, as noted above, minor excitation at 380-390 mm was always present in 
demetallation analyses at high concentrations of MSA, the data obtained for the 
lunar extracts were always significantly stronger. This is clearly illustrated'in Fig. 8 
LUNAR OUST 
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Fig. 8. Comparison of"Alle'nde and sand blanks with demetcallation analysis for hinar 
and rocket exhaust determinations. 
by a direct comparison of the luinar results with those for a sand 6lank, which shows
 




(iii) Figure 8 also illustrates the difference between the lunar results and those 
obtained for the demetallation of an extract of a sample of the Pueblito de Allende 
overall analytical program (Part I ofIarbonaccous cliondrite included in the same his series). Althoug-h sonic samples of this meteorite showed detectable amounts of" 
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porphyrins (HODSON et al, unpublished), the particularsample included in the present 
study gave demctallation results in which no evidence of the pigments was'observed. 
Thus, the Allende results provided a further check on the control of spurious sub­
stances in the course of the analysis for porphyrins. 
While the behavior of procedural blanks as outlined above showed that confidence 
could be placed in the observations obtained for the lunar substances, the 380-390 
excitation for emission in the red was unfortunate. The unknown substance which 
exhibited this fluorescence (which typically amounted to 1-3 per cent of the baseline 
fluorescence at 33 %MSA) did not however, follow porphyrins in subsequent recovery 
operations for free-base porphyrins and as a result, the likelihood of misinterpretation 
of demctallation data because of trace impurities in the MSA was very small. 
Rocket fel andexhaust 
(i) Rocket fal (unsymnetrical dinethylhydrazme). The lunar descent rocket 
engine was fueled with unsymmetrical dimethyihydrazine, and while the possibility 
that this substance contained porphyrins was very slight, it was nevertheless examined 
for fluorescence responses similar to those observed for the lunar fines. To I ml of 
ether was added D30 p of uns5'mietrical dlimethylhydrazine and the customary 
demetallation analysis carried out. No evidence of porphyrins was obtained, nor was 
any similarity with the lunar analyses noted. 
(ii) TrapA Exhaus(. A sample of exhaust products from a test firing of a rocket 
descent engine described by SIUMNEIT et al. (1969) was obtained from Trap A, through 
the courtesy of Dr. A. L. Burlingame, University of California, Berkeley, It was 
collected in the first trap of a series cooled by liquid nitrogen, and contained a wide 
variety of decomposition and polymerization products involving carbon, nitrogen and 
hydrogen. As shown earlier (HonosoN el al, 1970), on direct examination by 
fluorescence spectrometry it exhibited broad excitation at 450 nm and minor excitation 
at 385 nm, with a shoulder at 510 nrm for emission measured at 600 nm. These data 
are similar to those for the lunar fines illustrated in Fig. 4measured under essentially 
the same conditions. Direct extraction of Trap A material with 6 N HCI gave a. 
strong peak at 390 nm; smaller peaks were observed at 470 and 527 nm, as shown in 
Fig. 9. These results suggest that the compounds tentatively identified in the lunar 
extracts as porphyrin-like pigments were present in the rocket exhaust to a large 
degree as free-base porphyrins (or perhaps as metal complexes readily demetallated 
by 6 N HCI). In addition, the 470 nm peak resembled that of the immediate precursors 
of porphyrins generated fron ammonia, methane and water (1-ODGSON and PONN-
AMPERUMIA, 1968). 
MSA demetallation analysis of Trap A material was obscured by background 
substances, but initial excitation at 412 nrn for emission at 630 nm was detected at 
5% MSA. This increased in intensity and persisted until a concentration of about 20% 
MSA was reached. At approximately 30% MSA the customary 390 nm excitation 
band appeared and intensified with further additions of MSA. The data obtained on 
this sample suggest that the pigments detected in extracts of lunar fines were derived 
directly from the exhaust of the lunar module rocket engine. 
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Fig 9. Fluorescence of trap A rocket exhaust showing evidence for tree-base porphyrins 
in portion solubte in hydrochloric acid. 
(iii) Trap E. Exhaust products collected in Trap E (SIMoNEt' et al., 1969) supplied 
by Dr. D. A: Flory, -Manned Spacecraft Center, Houston, were extracted from the 
dunite contained in 'the trap and treated in the same nianner as the lunar fines. 
Spectrophotometry revealed strong absorption bands at 385 and 365 nm. Figure 10 
shows the progress of demetallation analysis after initial examination. It gave essen­
tially the same excitation pattern as for Trap A, as summarized in Table 4. Compari­
son of the demetallation analysis for this sample with that of a lunar sample is afforded 
Table 4. Demetallation of rocket-exhaust pigments 
- Denetallation threshold (%MSA) Soret position (nm)
Sample Initial Major Early Late in IICI 
Trap A 5 30 412 390 n/a
Trap E 3 29 430 387 388 
1'842 	 0. W. HODGSON Ct a1. 
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Fig. 10. Analytical denctaliation'of pigmcnts extracted from trap B. 
in Fig. 8 and again, there can be little doubt about the similarity between the behavior 
of the two samples. The amount o" fluorescing pigment in the dunite from Trap E 
was estimated to be about 50 times that present in the lunar fines. 
MCD analyses on rocket exhaust substances failed to confirm the presence of 
porphyrins. A large number of compounds were indicated to be present, however, 
and an S-shaped spectral feature was observed at 380 turn In detail, the band was 
revers6d insign and rather sharper than isscustomnary for metal complexes of porphyrins. 
Chromatography on silica gel of rocket products extracted from the Trap F dinite 
resolved the mixture to some degree with the 380 nm material appearing in the n­
hexane eluate. Subsequent eluates (n-hexane-benzene and benzene) were nearly free 
of this substance and showed much broader bands, but these could not be confidently 
attributed to porphyrins. Absorption spectrophotometry showed strong absorpion 
at 383 and 361 nm for the hexane eluate, in good agreement with the foregoing data. 
CONCLUSIONS 
The analytical data collected in the analyses of the lunar fines for porphyrins may 
be summarized as follows: 
1. Fluorescent pigments were present in the lunar fines returned by the crew of 
. . Apollo 1. 
2. 	A portion of the pigments appeared to be porphyrin-like. 
3. 	 The porphyrin-like pigments of the lunar fines resembled porphyrins detected 
in carbonaceous chondrites. 
4. 	 Rocket exhaust products contained pigments which were similar to those in the 
lunar fines.
 
The conclusions to be drawvn from the analyses are:
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(a) The lunar porphyrin-like pigments were probably derived from exhaust 
products of the lunar landing module; and 
(b) Porphyrin-like pigments appeared to be synthesized from simple compounds 
containing carbon, nitrogen, hydrogen and oxygen under conditions of very high 
tcmperatures. 
It ispossible that indigenous porphyrins exist on the surface of the moon.. These 
may result from (a) incorporation of carbonaceous primordial matter during the 
accumulation of the moon (URn', 1968), and/or (b) the infall of extra-lunar materials 
during the lifetime of the moon. Little can be evaluated with respect to (a), but (b) 
can be briefly tested on the basis of indicated infall (KEAYS et al., 1970) and the por­
phyrin content of carbonaceous chondrites (HoDvsot et al., 1969), from which a 
-porphyrin content of about 10 yg/g of lunar fines is estimated. This is an order of 
magnitude lower than the measured level, and is therefore in keeping with attributing 
the bulk of the indicated porphyrins to the combustion products of the rocket. 
If a synthesis of porphyrin-like compounds at the temperatures of rocket engines 
(2000-30000C) takes place from simple precursors of carbon, nitrogen, hydrogen and 
oxygen, such a synthesis appears to be a novel process. It is not clear whether the 
carbon-nitrogen-carbon bond of unsymmetrical dimethylhydrazine remains intact 
in the process; if"it were to do so, it would give rise to a major part of the pyrrole 
subunits making up the structure of the porphyrins. While the synthesis itself is of 
interest, it has interesting implications in the context of the generation of moderately 
complex organic matter wherever simple compounds of carbon, nitrogen, hydrogen 
and oxygen exist together at very high temperatures. Such conditions may prevail 
in the cosmos (VARrDYA, 1966; FIELD el a.; 1969). 
N4A- q-qq~q 
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Abstract: The magnetic circular dichroism spectra of samples H-S and CP-10 did not
 
provide evidence for the presence- of metalloporphyrins. The detection limit, with
 




The unique utility of magnetic circular dichroism (MCD) as an analytical spectro­
scopic technique for the detection of small amounts of metalloporphyrins that may be
 
present in lunar soil can be seen from the MCD spectrum of Mg(II) deuteroporphyrin
 
IX dimethyl ester shown in Figure 1. First, since the molar magnetic ellipticities
 
of the prominent MCD bands have large values, very small amounts of sample are re­
quired. Second, the MCD bands have a characteristic and well defined S-shape. Third,
 
the observation of two S-shaped bands in particular regions of the spectrum (around 400
 






The operation of the magnetic circular dichromete' and the data sampling techniques
 
employed were discussed in some detail in the previous report on MCD measurements on,
 
extracts from Apollo 11. Consequently, only those experimental details which are­
pertinent to the Apollo 12 measurements are included in the present report.
 
Improvements in the magnetic circular dichrometer as well as optimization of the
 
scan conditions with respect to inherent instrument instability have resulted in the
 
establishment of a new detection limit. The detection limit is now 1 ng/ml referred
 
to the Soret band at Mg(II) deuteroporphyrin IX dimethyl ester. Direct plots (i.e.,
 
not smoothed) of the MCD curve obtained in the Soret region from a solution containing
 
I ng/ml of Mg(II) deuteroporphyrin IX dimethyl ester 'in 95% ethanol are shown in Figure 
2. It should be noted that the diagnostic detection limit is about 3 ng/ml because of
 
the difference in the intensities of S-shaped MCD band in the Soret region and the
 
more prominent one at longer wavelengths.
 
In order to obtain an optimum balance between the measurement time require j for
 
the detection of weak signals under high noise conditions and the inherent i 
long-term instability, the measurement procedure involved separate sample and s.qNvjnf 
baseline measurements in the Soret region (350-450 nm) and in the red region (kt0_ 
650 nm). Since no evidence was obtained from the direct data plots of the MCD rves 
from either sample in the Soret region measurements were not made in the 450-6, n. 
region. 
Two sampling modes were used for each of the two lunar samples. In'the fi.t
 
mode, MPS, the monochromator wasstepped from 450 to 350 nm in 0.5 nm steps. A' each
 
measurement point 32 cycles of data were taken. In the second niode, RSA the exAtire
 
wavelength region (350-450 nm) was scanned repetitively (32 scans for H-5 and 64: scans
 
for CF-10) in I nm steps and the data obtained after the repetitive scan cycle ws
 
completed were averaged. In each mode the most sensitive scale of the Brower Lok._ii
 
Voltmeter was used (A OD = 9.00005 full-scale). The Brower rise-time was 0.1 sa onds.
 
The monochromatdr slit width was 0.5 mm. Separate baselines oorresponding to ezkah
 
sampling mode were obtained. The curves discussed in the next section: have been
 




Direct data plots of the MCD curves obtained from sample H-5 are shown in rigures
 
3a (MPS) and 4a (RSA). The smoothed curves (ii point) are shown in Figures 3b ajd 4b.
 
Corresponding curves obtained from sample CP-10"are presented in Figures 5 and 6,
 
Comparison of the MCD curves obtained from samples H-5 and C-10 with the calibra­
tion spectra shown in Figure 2 reveals thac metalloporphyrins are not present in the 
amounts greaater than 1.0 ng/ml. 
References 
Report on the Analysis of-an Organic Extract (ARC) of the Lunar Sample for 
Metalloporphyrins by Magnetic Circular Dichroism 
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LUNIAR PIGMENTS: POSSIBLE PRESENCE OF 
PORPHYRINS IN AN APOLLO 12 SAMPLE 
Abstract. Porphyrin-like pigments were found in a sample of lunar
 
fines (12023) collected on the Apollo 12 mission at a sampling point 
well removed from the lunar landing vehicle. Abundance of the pigments
 
5was estimated to be 5 x 10- pg/g. This sample appeared to be free of 
rocket exhaust products whereas a sample of lunar fines taken from near
 
the lunar module (12001) showed considerable amounts of fluorescent
 
pigments which are attributed to the exhaust of the rocket engine. 
The presence of carbonaceous matter and specific organic compounds
 
.in meteorites '(1), in comets (2) and interstellar space (3) indicates
 
that organic matter is generated extraterrestrially (4). Lunar fines
 
were examined for organic compounds (5), and evidence was obtained for 
the presence of porphyrins in the fines of the Sea of Tranquillity (6). 
These pigments were thought, however, to be due in part at least to a 
novel synthesis of porphyrin-like compounds from unsymmetrical dimethyl­
hydrazine taking place in the firing of the retro-rocket of the lunar
 
module (LEI'). In that investigation the question of whether.porphyrins 
were indigenous to the lunar surface was not answered. The present study 
afforded a further opportunity to attempt to resolve the question through 
the availability of. two samples of lunar-fines from widely spaced locations 
visited during the extravehicular activity of the Apollo 12 mission. One 
sample (12001,27) was collected near the LEM, and was designated as the ­
close-in sample; the othr was taken at a location most reniote from the 
landing point, 440 m from the LEM and 500 m from the site of Surveyor 3 (7). 
JUL7 I 
;,Xt was a portion of sample 12023 4#hich had been packaged in the lunar 
environment sample container (LESC). This sample was taken from a trench 
20 cm belw the lunar surface. It was designated as the remote sample. Thus
 
the likelihood of contamination from the retro-rocket was high in the 
case of the close-in sample and low for the remote sample. The close-in 
sample exhibited fluorescent pigments characteristic of rocket exhaust 
similar to the findings in Apollo .11; the remote sample was free of such 
contaminants and showed the presence of porphyrin-like compounds. 
The'methods used in the present study were substantially the same 
"as those used in the Apollo 11 search for porphyrins (6). The overall 
organization of the analysis of the luna:r samples was the same as before 
The samples used are listed in Table I along with the blank samples 
included in the study: Pueblito de Allende meteorite, basalt lava from 
Hawaii and tektite from Thailand. The lunar samples weii extracted 
.directly in the benzene-methanol (9:1) and the organic extracts were 
subjected to spectral analysis involving fluorescence, absorption and
 
magnetic circular dichroism (MCD) spectrometry. This was followed with
 
analytical demetallation for porphyrins (8), after which free-base
 
recovery and remetallation procedures were undertaken.- Improvements
 
in the methods centered on a sharp increase in sensitivity for the MCD
 
examination, and on more extensive remetallation of the free-base pigments.
 
Attempts were also made to determine if any fluorescent organic pigments
 
were imbedded within the mineral grains of the lunar soil.
 
Blank analyses involving solvents and reagents were consistently
 
negative. Sample sizes'for the blank determinations ranged from 5
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to 10 .g,and results for all of these were below detection limits. 
Detection limits for porphyrins were re-determined from those reported 
earlier (8) by using deuteroporphyrin dimethyl ester in free-base form 
in 6 N HCi in such a manner that the results would apply directly to the 
lunar analysis samples. Excitation spectral responses were clearly 
discernable above background noise for 0.05 ng of .free-base porphyrins, 
and cbnsidering all of the analytical factors Involved in analyses of 
lunar samples the detection limits for such samples were taken to be 
0.1 ± 0.05 nj. Work with the authentic porphyrin was done after- all 
of the lunar and blank analyses had been completed to avoid possible 
contamination of the analytical system. Detection limits were determined 
for the improved ICD method using the magnesium complex of deuteroporphyrin 
under the same conditions as were used for the analysis of the lunar 
extracts. The MCD detection limit fDr'netalioporphyrins was taken to be 
3 ng.
 
'Direct spectrofluorometry of the extract from the sample of lunar
 
fines taken from near the LEM showed nearly the same type of response as 
that for the Apollo 11 samples, namely a strong broad excitation band 
at 450 nm for emission at 660 am (6).' Partitioning between ether and 
hydrochloric acid resulted in all of the fluorescing pigments remaining 
in the organic phase and accordingly there was no indication of free-base 
porphyrins at this stage. A weak excitation band observed at about 390 nm 
In the Apollo 11 analyses was not clearly detected in the present determination. 
either absorption nor MCD spectrometry showed the presence of porphyrinso 
The 450/660 nm fluorescence was probably due to rocket exhiaust as suggested 
in the Apollo 11-analyseg (6).
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Nethanesulfonic acid (NSA)was used to demetallate any porphyrin
 
complexes present in the extract of the close-in s'fample Porphyrins
 
did not appear above the background fluorescence, in contrast to the 
results for Apollo 11 in which porphyrin-like pigments were observed to 
demetallate at this stage with a threshold of about 25% NSA in ether. 
Regular recovery procedures were used to search for free-base pigments 
in the products of the 14SA reaction, but little if any indication of 
such pigments was obtained. 
Direct spectrofluorometry of the organic matter extracted from
 
the remote sample showed no discernable -excitation in the region
 
from 350 to 500 nm for emission in the red end of the visible spectrum. 
There was no indication of free-base porphyrins, nor of fluorescing 
pigments associated with rocket exhaust. Figure 1 shows the marked 
difference between the extracts of this sample and those of the sample 
taken from near the lunar module. Absorption spectrophotometry showed 
nothing. MCD spectrometry, after data aquisition and reduction by computer, 
did not show bands that could be attributed to metal complexes -of porphyrins. 
The extraordinary low background of fluorescence in the extract of
 
the remote sample made it possible to detect the onset of a weak excitation
 
band in the YSA demetallation analysis. This band emerged at about 420-425 
nm for emission in the 600-700 nm range. The thieshold for the reaction
 
was about 50% SA and the intensity of the band increased moderately 
during the latter part of the analysis. Recovery of presumed free-base 
pigments was accomplished in the usual manner after the concentration of 
SA reached 70%. Free-base recovery showed no specific fluorescence in
 




during this stage of the analysis. Extractiln of the ether solution 
with 6 N IIC1 revealed a fluorescent pigmeiit exciting at 390 nm for 
emission in the customary porphyrin range. Cross-plotting of the 
excitation data to reduce the effect of background fluorescence showed 
emission maxima at 590 nm- (minor band) and 623 nm (major band) as 
illustrated in Figure 2. Authentic porphyrins commonly show double-banded 
emission in the red end of the spectrum in 1Cl solution, e.g., deutero­
porphyrin dimethyl ester, at 606 and 660 nm. Comparison of similarly 
plotted excitation data for the porphyrin-like compounds of the Apollo 11 
samples showed maxima at 625 and 680 nm and for this reason were clearly 
distinguihabla from those of the remote sample of Apollo 1Z. On the 
assumption that the Apollo 12 pigments were porphyrins, their abundance 
-
was estimated to be 0.5 ng, corresponding to 5 x 10 5 jg/g. The amount 
detected was about 5 times above the detection limit of the method. 
The pigments recovered from the remote sample were subjected to 
remetallation procedures (contact with metal acetates in glacial acetic 
acid at 1000 for about 10 min.) involving copper and zinc to give non­
fluorescing and fluorescing complexes respectively, after the manner of 
authentic porphyrins. 'Although the amounts of presumed free-base porphyrins 
available for the test were very small, major quenching was observed for the
 
copper complex, and minor quenching for the zinc complex.
 
Table 2 summarizes the several fluorescent pigments encountered in the 
search for porphyrins in lunar samples and related samples from the Apollo 
11 and 12 mission. Four classes' of pigments were-detected: "A', ttBi"
 
tIC" and "D". Pigment "A' c6mprised organic substances fluorescing at 450/600 nm
 
(450 nm excitation for 600 Dm emission). They were present in close-in Apollo
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11 fines and rocket exhaust, and also in the close-in sample 'of Apollo 12. 
These compounds were not porphyrinic. The other three groups of pigments 
resembled porphyrins. "B" behaved like a free-base, porphyrin, and "C" 
was probably the same pigment complexed with metals. Both were present in­
the several samples analysed from the Apollo 11 mission, Pigment "D" 
appeared also to be a metal complex of a porphyrin, but it was distinguishable 
from "C" since (1) the MSA demetallation threshold'was 50% contrasted with 
25% for "C", and (2) that the pairs of emission bands were not only different 
in position but different in relative intensity.
 
Whether the porphyrin-like pigments are surficial "or imbedded has
 
implications with regard to the origin of the material. The close-in
 
sample was exhaustively extracted in the as-received state and then re­
extracted after crushing the mineral grains in a mortar and pestle.
 
In addition, the fines were etched with hydrofluoric acid; Neither approach
 
appeared to release additional pigments. Crushing of the remote sample
 
also failed to release more fluorescent pigments. It is concluded that all
 
of the fluorescent pigments are either on the surface of the mineral 
grains or exist in porous particles readily penetrated by organic solvents.
 
The results suggest that the porphyrin-like pigments "D" may have come from
 
extralunar particles with physical structurds similar to types I and II
 
carbonaceous chondrites. At least 1% of the lunar regolith is believed
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Lunar, Apollo 12 - close-in to lunar module 
Lunar, Apollo 12 - remote from lunar module: 
Pueblito de Allende - interior of large 
individual (Kvenvolden et al., ref. 5) 
Basalt - Kilauea eruption, Hawaii, Aloi-Alae, 
February, 1970 
















•Summary of Presence of Fluorescent Pigments in
 
Lunar Samples from Apollo ll* and 12 and Related Blanks
 
Fluorescent Figments 




Solvent partition test 





Apollo 11 Trap A, exhaust 
Trap E, exhaust 
'Apollo 12 Basalt blank 
Apollo 12 Lunar dust, close-in 
Apollo 12 Tektite blank 
Apollo 12 -Lunar dust, remote-








































































* Apollo 11 data summarized from reference (6Y_. 
e* Notes: "PRESENT" - pigment is present-at levels significantly above detection 
limits. 
P/M. - pigment may be present but masked by other pigments.
 
BDL - below detection limits.
 









Figure 1. Direct fluorescence examination of extracts of two samples
 
of lunar soil from the.Apollo 12 mission. Included also are
 
corresponding data for a procedural blank. Note that fluorescing
 




Figure 2. Cross-plotted data for apparent free base porphyrins
 
recovered from demdtallation analysis of remote sample of lunar soil 
Removal of background fluorescence reveals clear-cut minor band 
(590 nim) and major band (625 nm). Curve for porphyrin-like pigments 
of Apollo i1 samples was constructed from data previously given
 
in figure 6 of ref. 6; that for deuteroporphyrin from direct emission
 
for 400 nm excitation. -6N HCI solvent in all cases.
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REPORT ON TIH ANALYSIS OF AN- 02GANIC EXTRACT 
(ARC) OF TIE LUNAR SA1 ?LE FOR VXALLOPORPI1YIINS 
BY MAGNETIC CIRCULAR DICHRqOISM 
by E. Bunnenberg and 14. E. Reynolds 
Abstract
 
The magnetic circular dicbroism spectra of sample ABC did not provide
 
evidence for the presence of metalloporphyrins. The detection limit, with
 




The pfirpose of this investigation has been to provide a sensitive
 
nondestructive spectroscopic method, magnetic circular dichroism (MCD),
 
for the detection of metalloporphyrins in lunar extracts. 14CD is a
 
particularly useful technique for this purpose since the observation of
 
two S-shaped bands in the MOD opetrun of the lunar extract would provide 
more secure evidence for the presence of these compounds than is available
 
from other spectroscopic techniques. A very brief discussion of the
 
electronic transitions and MCD spectra of metalloporphyrins will indicate
 
the analytical application of this method.
 
- Metalloporphyrins show three prominent absorption bands in the 
350-700 nm region, The positions of these three bands depends on the 
metal and on the ring substituents.1 Adopting the nomenclature of Platt2, 
the transition of lowest energy, at about 570 nm,'is designated Qo-o; the 
transition, Q%-1, at about 535 nm is a vibrational overtone of the 0-0 
band; and the much more intense transition around 400 nm i's-designated B. 
The analytically important features in the MOD spectra of metalloporphyrins 
are the shapes of the MCD bands associated with the Q-0_0 and B transitions. 
The effective symmetry of metalloporpbyrins is Dhh and all bands are 
degenerate- In a magnetic field he" degeneracy is lifted" and one observes 
the S-shaped MCD bands charact6ristic of A terms.3 The A terms associated
 
with the Q-o and B bands are indicated in the MCD spectrum of Mg(II)
 
deuteroporphyrins IX dimethyl ester shown in Figure I. Previous studies4
 
as well as the reference spectra collected for this project 5 show that the
 
magnitudes of the A terms of the B and Q0_O bands are comparable even
 
though the absorption coefficients of these bands diff6r by an order of
 
magnitude. The MCD curve for Mg(II) deuteroporphyrin IX dimetbyl ester
 
was recorded ruder the experimental conditions used.for the lunar sample,
 
measurement. Under conditions suitable for larger samples the magnitudes 
of the A terms are more nearly comparable (see experimental section).
 
Some metalloporphyrins (e.g., Cu(II) porphine), however, exhibit considerably 
more Intense A terms in the B band than in the Q band. The utility of MCD­
for detecting small amounts of motalloporphyrins derives from: (1) the 
intensity of the tuo prominent MCD bands, (2) their characteristic S-shape, 
and (3) the observation 5f two such bands in particular regions of the 
spectrum. 
Figure 1. 	 iMagnetic circular diclroism spectrum of M(iI) deutero­
porphyrin IX dimethyl ester in 95% ethanol recorded under 
the conditions used for measurement of the lunar sample 
ABC. (c= 	2.24 micrograms/ml, 1 1 cm) 
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Ex<peri".intal 
The magnetic circular dicbrometer used in this project was built by 
G- a *.-Scott(Department of Chemistry). The computer interface was 
engineered by W. I. Reynolds (Genetics Department Instrumentation Research 
Laboratory) with programming assistance from R. A. Stillman. Reference 
spectra measurements were made by R. Records. 
The light from a 450 watt xenon arc lamp vas focused on the entrance 
slit of a Cary 15 monochromator, The exiting beam was collimated, linearly 
polarized by a fochon prism, and circularly polarized by means of a Pockels 
modulator constructed from potassium dideuterium phosphate and- driven at 
1000 hz. The beam 6f alternately left and right circularly polarized light 
was passed through the sample cell located in the hot hole of a 50,000 
gauss superconducting magnet, In regions of absorption, the absorption 
coefficient of the sample for left.and right circularly polarized light is 
different (the Faraday effect). This difference in light intensity .is 
detected by a photomultiplier. The resulting 1,000 Ez signal is amplified 
and phase-sensitively detected by a Brower Lock-in-Voltmeter (model 131). 
The 100 mv output of the Brower was monitored with an X-Y recorder and the 
10 v output was connected to the computer interface. An electronic loop 
controls the voltage applied to the photomultiplier so that the gain of 
the photomultiplier ig held constant as the stepping motor drives the 
monoehromator through the spectyral region of interest. 
The Brower has a rather wide range of sensitivity scales. These are
 
calibrated for either circular dichroism or magnetic circular dichroism in
 
the following manner: (1) The magnetic field is turned off and a standard
 
solution of camphor sulfonic acid in a.1 cm. cuvette is placed in the
 
sample compartment. The magnitude of the circular dichroism signal
 
associated with the isolated n-niv carbonyl absorption b'and at 290 nm is
 
known from absolute measurements. (2) The loop gain is roughly optimized
 
and a sensitivity setting on the Brower is chosen such that the signal
 
meter (center zero) is approximately 90% of full soal6. (3) The loop gain
 
is then finely'adjusted to the 90% reading. (4) The gain of the X-Y
 
recorder is adjusted to give a deflection of 90% of full (zerb cqnter 
scale. (5) The computer plots are-aled such that 1 inch = 1 X lO MA. 
As noted previously, the 10 v output signal from the Brower is connected
 
to the computer interface. The signal goes to four operational amplifiers.
 
The first is an integrator whose band pass is a sin x/x function (where
 
x zIf); the second one is a high gain (X1O) amplifier; the third one is
 
a X1 amplifier; and the fourth one is a time integrator. The measurement
 
cycle starts vith the wavelength scanning system at rest at the long
 
wavelength limit of the spectral region to be scanned. The signal and
 
time integrators are also at rest. The first step of the cycle is to
 
release the integrator resets on both the signal and time integrators.
 
At some time T, depending on the signal strength, either the signal 
integrator reaches a preset absolute threshold or the time integrator reaches 
that threshold. At that time the integrators are converted to hold 
amplifiers. Thle computer is then called upon to read four values via an 
analog-to-digital converter.. After the time of integration, the integrated
 
signal, the high gain amplifier, and the low gain amplifier values are
 
read: the integrators are then reset and held. The stepping motor is given
 
a set number of pulses (21) resulting in an increment of scan of approximately
 
1.05 nm. At this point the measurement cycle at a particular wavelength
 
has been completed. The measurement scan is completed after the stepping
 
motor har driven the monochromator to the short wavelength limit desired.
 
Although several sunpling modes have been incorporated, the most secure
 
and conservative one was used for the lunar sample measurements. In this
 
mode data was taken at 300 discrete wavelengths in steps of 1.05 nm. At
 
each wavelength position 16 cycles of data were taken. The analog-to-digital
 
-converter readings were immediately converted to nanoseconds and zhe simple 
average was filed. A separate data point was recorded for the average of 
the integrated signal divided by time and the X1 amplifier output. The 




The sensitivity enhancement achieved permits the use of a sensitivity
 
scale of 5 X 10-5 A. Since thd maximum sensitivity scale available to
 
'us at the start of this project was I X 10-34A, a sensitivity increase­
of 20 has been achieved. It should be appreciated howeer that although
 
the 5 X 10-5 scale provides useful information" for relatively strong signals,
 
the credibility given to very weak signals is limited by such factors as
 
-the small changes in cell position obtaining between the sample measurement
 




Under the conditions used for these ieasurements the detection limit,
 
relative to.Mg(II) deuteroporphyrin IX dimethyl ester, is 22 ng./ml. This
 
limit is based on the condition imposed of observing bothtA terms. The
 
detection limit based on observing the A term associated with the B band
 
is 3 ng./Ml. Data 'obtained for establishing this detectioh-threshold will
 
be found in Appendix A. During these measurements the detection limit in
 
the Q region was degraded (1/3) by the necessity of using a wider than
 
optimal slit width in-order to avoid overloding the BroWer. "f an A term
 
had been detected in the B regin,-A-noLe limiting -circuitof the Brower
 
would have been energized. -The slit width of the monochromator would
 
have been reduced and the scan repeated. Under these conditions the
 




The MCD results obtained on the lunar extract sample ARC are shown
 
in Figures 2a-2d. The corresponding computer recorded data are collected'
 




The instrument was adjusted to give the best possible solvent baseline
 
(minimum, slope) on October 7. The baseline was again measured on October
 
8, prior to the arrival of the lunar sample. Sample ARC was placed In the
 
cell and the MCD spectrua was recorded (Figure 2a) during an eighty-m"inute
 
scan. The cell was emptied and filled with methanol. The baseline data
 
obtained are shown in the computer plot presented in Figure Ob. It will
 
-4­
be noted that neither the sample nor the baseli'ne curves are "flat. - This 
feature is a characteristic of the particular photomultiplier_ tube used 
and does not degrade the information obtained. The raw data MCD curve 
of the sample corrected for solvent baseline is shown in Figure 2c and 
the smoothed difference curve is shown in Figure 2d. The data and computer 
plots 	obtained from the X1 analog channel are collected in'the appendiz
 
and when compared with the data taken from the integrator channel, Figures 
2a-2d, reflect the extremely conservative data handling,techniques used. 
The same procedure was followed for the sand blank sample, The MCD 
results are presented in Figures 3a-3d and the corresponding computer
 
recorded data are collected in the appendix. In the smoothed sand blank
 
RCD curve shown in Figure 4d it will be noted that the observed -signal 
does not average about zero. This may have been caused by a very gradual 
movement of the arc during the time required to scan the. sample and the 
solvent blank. The lunar extract-MCD curve (Figure 3d) does not, however, 
exhibit this feature. 
Discussion and Evaluation
 
The criteria established for the detection of a metalloporphyrin
 
are; 
(1). 	 The observation of an S-shaped A term around '570 nm. 
The long wavelength lobe will be negative with respect 
to the sign convention adopted.4
 
(2). 	The observation of a second S-shaped A term at about 
400 nm. 
The long ]avelength lobe of this A term will also be 
negative.. 
A critical examination of the MCD curve of the lunar" xtract ARC 
shown 	in Figure 3d reveals that:
 
(1). The A term in the vicinity of 57.0-nm is definitely not 
present. - - . ­
.-.(2). There is ant.apparent A term arouhL.4Q0D :nm. As noted in 
a previous.-sectibi some metalloporphyrins exhibit a
 
<significantly more intense A term in the B band than
 
in the Q band. However, the wab.elength separation (23 nm) 
between the maximum of the negative lobe at 424 nma and 
the positive lobe at 401 nm is twice that observed in
 
the reference metalloporphyrin spectra collected for this 
project. Furthermore, the approximately equal spacing
 
between the positive and negative signals in the 335-475 nal
 




On the basis of the criteria established, we conclude that the amount 
of' mctalloporphyrins present in the lunar extract ARCis less than 7ng./ml. 
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Figure 2a. Magnetic circular dichroism curve of the lunar extract
 
ABC from the integrated signal divided by time.
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Figure 2b. Methanol baseline for lunar sample ARC from the integrated 
signal divided by time.
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Figure 2c. Magnetic circular diehroism curve of the lunar extract 
sample ARC corrected for the solvent baseline.
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Figure 2d. Smoothed (21 point) magnetic circular dichroismf curve of 
the lunar extract sample ARC corrected for the solvent 
baseline. 
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Figure 3a. Magnetic circular dichroism curve of the sand blank sample 
from the integrated signal divided by time.' 
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Figure 3b. The corresponding solvent baseline.
 
I *tTI 
_ - -'L+ 




I I t t7 -- II 
I r 
'JSLLL. Li 
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corrected for the solvent baseline. 
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Figure 3d, Smoothed (21 point) magnetic circular dichnoism curve of
 
the sand blank sample corrected for the solvent baseline.
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Appendix A 
Al. 	Digital recorded values for the lunar sample ARC plotted in Figure 2a.
 
(mLA0_3) 
A2. 	 Digital recorded values for the methanol blank. The five wild points 
indicate errors in recording or digitizing.' (LUIW084) . 
A3. 	 Digital recorded values for the methanol blank plotted in Figure 2b. 
The wild points have been eliminated by taking the average of the 
adjoining values. (LUNPAC_4) 
All. 	 Digital values for the plot (Figure 2c) of the MCD curve of the lhina 
sample ARC corrected for the methanol baseline. . 
A5. 	 Computer plot and digital recorded values taken from the Xi analog
 
channel for the lunar sample ARC. (LUNA083) 
A6. 	 Computer plot and digital recorded values taken from the Xl analog 
channel for the methanol blank. The wild points were eliminated by 
taking the average of the adjoining values. (LUNPAC 4) 
AT. 	Computer plot and digital recorded values taken from the Xl analog 
channel for the lunar sample ARC corrected for the methanol baseline. 
A8. 	The smoothed difference plot cdrresponding to A7.
 
A9. 	This plot reflects the extremely conservative-data handling techniques 
used. This plot is the difference between the data derived from the 
integrator channel and' the X1 analog channel. The negligible difference 
betveen the two data channels indicates that the scanning time could
 
have been decreased without degrading the information.
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Appendix 23 
Th digital recorded values obtained during the sand blank measurement
 




Sand sample SANDBLNK 
Background (IMeOll) - LUO9-_BK 
Appendix C
 
Additional data obtained is graphically presented in this section. Each 
run may be reconstructed from the division of the integrated signal divided by 
the integration time and from the Xl analog channel directly. In the dual 
blots the data from the tvo channels are separated by a one inch zero level. 
The horizontal scale is from the 650 dial reading to the 335 dial reading. 
Wavelength is equal to the dial reading plus 10. The vertical scale of the 
dual plots is different from that used in the body of the report. Unless 
otherwise noted, one inch corresponds to 0.000025 delta A. Appropriate 
comments have been included before 'each set 'of curves. 
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Figtures Cla through Cle are four runs made during the morning 
of 8 October vith background of methanol. The sample cell leaked 
and later ACV. crashed. How'ever the four runs look all right. 
Figure Cla is tbe average (sum and divide by 4) of the four runs. 
This set of data has not been used because of the leaking cell. 
Hoverer, note the Brower setting of this set and the next set. The 
B3rower vas at different settings, but the signal and the plot were
 
and are essentially the same. 
Figure 02a is the sum of 2b through 2e. This &as the second 
run on methanol bachkground, This time the sample cell held the fluid 
vith no apparent leakh
 
These, and all other runs not designated TiEAK, were taken in 
the primary mode: One cycle of data recorded by the computer and 
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The £igtres are from the first runs on the lunar extract. 
Figure C3 i:; the averaged sum of C3a through C3O. A check of 
the ConSi,4tence of the runs is made in Figure Jt A and NB. In 
one case he first four runs of set 03 were subtraced from the last 
four runx, The difference and the smoothed difference are plotted. 
In Figur'&CIIA the scale is given in delta A. Then the odd runs 
vere sUbt4'qeted from the even runs. The results are in other set
of differQ)Ice and smoothed differences. These and their comparisons 
are a met,,,tu-e of the consistency of this type of data acquisition. 
The ,verage of set C2 (background) is subtracted from the average
of set 03 (lunar sample). The result is shown in Figure C5 and 
Figure C6
 
Figwu'e C5 is the difference, and hence the assumed signal from 
the lunar OWNalple. This has been derived from the integrated channel. 
Figure C6 is similar, but from the analog channel. These figures 
should be compared vith SAS and D231 of the Oct. 9 report. Figure C5 
and c6 reptl'esent the second reduced values of the lunar runs. Thedelta A scale is consistent, 0.00001/per inch, as read on the Brower,
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Figuxe C7 is another set of lunar runs. The lamp had been changed,
and the magnet rwi down and the liquid helium replenished. Only two 
runs w.ere obtained. 
The corresponding background for set 
7 is set C8. Figure A isthe averagd of the first six of the set. Instrument settings were
changed for the last two and the results are meaningless, 
This set is reduced in Figures C9 and CO. These again are
 
representations of the signal due to the lunar sample.
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